.pk BTF3, initially identified as a basal transcription factor, has been recognized to be involved in plant growth and development. But, its function remains mostly unknown in abiotic stress regulation in plants. The present study describes salt stress and phytohormones induced changes in cell homeostasis and different variants of basal transcription factor (BTF3) in root and shoot of rice using FT-IR and semi-quantitive PCR approaches. Both phytohormone ABA (5 and 10 µM), GA3 (50 and 100µM) and salt stress (50 and 100mM) did not induce any significant decrease in germination. However, decrease in germination rate, root and shoot lengths were observed with increasing concentration of NaCl and ABA while GA3 enhanced shoot length. The fourier transformed infrared (FT-IR) results showed that protein, carbohydrate, lipid, and cell wall pectin content increased in the shoot, indicating that the carbon assimilation was not affected at the early seedling stage. However, in root, the protein, carbohydrate, lipid synthesis and cell expansion ceased with both phytohormone and salt stress. Semiquantitative PCR analyses demonstrated that different variants of OsBTF3 were constitutively expressed in different tissues and organs. The expression of Osj3g1BTF3, Osj3g2BTF3 and Osj10gBTF3 were primarily constitutive and generally modulated by NaCl, ABA and GA3 stress in both root and shoot at the early seedling stage, suggesting that they are probably differing from each other in biological function.
INTRODUCTION
Plant responds to multiple environmental factors by various mechanisms, including changes in physiological, biochemical and molecular processes. To cope with these factors, plants are linked to metabolic alteration that guide to the accumulation of protein, starches and lipids (Koster and Leopold, 1988) during seed germination and transferring these to different organs, where they are necessary for growth (Mayer and Poljakoff-Mayber, 1975) . FT-IR could be used to recognize the structure of unidentified composition or its chemical group, and the intensity of the IR spectra linked with molecular composition or content of the chemical group (McCann et al., 1992; Surewicz et al., 1993) . The accumulation of these compatible solutes is regulated by different genes, which are stimulated by abiotic stresses. They contain numerous transcription factors (TFs) focus on the role in the multiple physiological mechanism (Zhou et al., 2010; Hussain et al., 2011) . The basal transcription factors 3 (BTF3) is one of the important transcription factors and it play role in various biotic and abiotic stress processes (Li et al., 2009; Li et al., 2012a; Gorantla et al., 2005; Wang et al., 2012) .
BTF3 linked with the translation initiation factor (iso) 4E (eIFiso4E) in Arabidopsis, and produced the translation initiation complex eIF(iso)4F (Freire, 2005) . In Nicotiana benthamiana, NbBTF3-silenced plants demonstrate an abnormally developed phenotype. Similarly, Ma et al. (2012) observed that the expression of the mitochondrial and chloroplast encoded genes were markedly decreased in TaBTF3-silenced wheat transgenic plants. It was observed that BTF3 gene play a role in hypersensitive response (HR) cell death and might function as aTFs in the nucleus through transcriptional regulation of HR-related gene expression in Capsicum annuum (Huh et al., 2012) . Wang et al. (2012) recently observed that BTF3regulates the transcription of various proteins in rice. They also reported two otherBTF3-related genes Osj3g1BTF3 and Osj3g2BTF3. However, the function of Osj3g1BTF3 and Osj3g2BTF3 in abiotic stress regulation in plants is not yet reported. In the present work, an investigation was made to evaluate the role of GA3, ABA, salt on cell homeostasis and homologs or splicing variants of OsBTF3s at seedling stage. OsBTF3s were transcriptionally regulated by salt, GA3 and ABA in root and shoot at seedling stage.
MATERIALS AND METHODS
Seed germination:The experiment was done in green house of Zhejiang University, China. Seeds of Oryza sativa L. subsp. japonica line Nipponbare was germinated on double filter paper in Petri plates moisten with distilled water(control), NaCl (100 and 200mM), GA3 (100 and 200µM) and ABA (5 and 10µM). The seeds were incubated in dark condition at 30±2°C. Seed germination (~2 mm radical) was recorded after every 12 hours up to 7 days. Seedlings were separated into shoots and roots for measuring root and shoot lengths after 15 days of germination. FT-IR spectroscopy:The root and shoots were taken from different seedlings and were used as one sample. Then the samples were instantly oven dried at 80°C for 2 days. Small beads were prepared by mixing leaves powder (2 mg) with KBr (1:100 p/p) for FTIR spectroscopy. Fourier transformed infrared (FTIR) spectroscopy (THERMO-NICOLET AVTAR-370, USA) was used to collect spectra. The IR spectra were measured between 400 and 4000 cm -1 . Three spectra were collected from each sample and only one representative spectrum was shown in the results. Curvefitting of the original spectra was done with Origin 7 software. The FT-IR spectra between 3000 and 2800 cm -1 was chosen to analyze lipids. The IR spectra between 1800 and 1500 cm
-1 was chosen to analyze proteins. The FT-IR spectra between 1200 and 1000 cm
-1 was chosen to analyze carbohydrates. RNA isolation from different tissues:Total RNAs was extracted from the fresh root and shoot of Oryza sativa L. under normal and stress conditions according to the manufacturer's instructions using Trizolreagent (Invitrogen). cDNA synthesis of first-strand was done using the M-MLV first-strand synthesis system (Promega). Expression analysis using RT-PCR:Semi-quantitative PCR approach was used to check the expression of Osj3g1BTF3, Osj3g2BTF3 and Osj10gBTF3 in normal and stressed plants. The semi-quantitative PCR was performed by using the method of Wang et al. (2012) . The amplification profile consisted of 94°C for 5 min, followed by 28 cycles of 30 s at 94°C, 30 s at 56°C, and 30 s at 72°C. Actin I gene in rice was used as an internal control. All reactions were repeated with at least three times. PCR products were separated on 1% agarose gel containing ethidium bromide, and photographed under UV light.
RESULTS
Seed germination and seedling growth:The final germination percentage was not affected by GA3, ABA and NaCl but the germination efficiency were reduced in the presence of GA3, ABA and NaCl in the medium as compared to control. Gibberellins promote seed germination, demonstrating that the endogenous GA concentrations affect germination efficiency than the ABA and salt stress. But ABA showed a considerable decrease in germination efficiency than salt (Fig. 1) . The root and shoot lengths decreased in response to increasing concentrations of ABA and NaCl ( Fig. 2A,C ; Fig.  2CDEF ). However, NaCl had a more negative effect on root and shoot than ABA. On the other hand, GA3 did not induce significant changes in root with increasing concentration of GA3, however, a considerable increase in the shoot was observed with increasing level of GA3 ( Fig. 3B ; Fig. 2A .
B).
FT-IR monitors the changes in cell homeostasis:In this study, a variation was observed in the chemical composition of carbohydrate, protein, lipids and cell wall pectin during development in the root and shoot of rice seedling. The effects of the ABA, GA3 and salt were analyzed in root and shoot by FT-IR spectrometry ( Fig. 4 and 5). The IR spectroscopy revealed absorption peaks between 4000 and 1000 cm -1 on the root and shoot. Roots and shoots taken from rice seedlings produced great numbers of sharp absorption bands in the mid-IR region (2,000-1,000 cm Changes in carbohydrate and protein:As the FT-IR absorption peaks between1200 and 1000 cm -1 generally take place from carbohydrates (Wei et al. 2009 ). Decrease in the absorbance ratio was observed in the IR spectra of carbohydrate in root with the increasing ABA level from 5 to 10uM. Similarly, the accumulation of carbohydrates was decreased with an increase in GA3 concentration in the root, but this decrease was more at 100µM concentration. However, salt stress did not induce major changes in the FT-IR absorption spectra of salt-stressed root, implying the carbohydrate did not accumulate obviously (Fig. 4) . The FT-IR spectra showed ABA, GA3 and salt induced considerable increase in carbohydrate accumulation in the shoot with a corresponding increase in GA3 and salt concentration but ABA accumulate mainly at 5uM concentration (Fig. 5) . cell wall pectin and lipids. At least three spectra were obtained from each sample and only one representative spectrum of each treatment is shown. The protein absorption peaks generally located between 1800 and 1500 cm -1 consisted of amide-I and amide-II (Surewiczet al., 1993; Stehfestet al., 2005) , but sometime intermingle with other absorption peaks within this region (Wei et al., 2009) . In protein, a decrease in band intensity was observed, indicating a considerable decrease in protein accumulation by the root with increasing ABA, GA3 and salt level. This decrease was more at 5µM ABA, 100uM GA3 and 100mM salt (Fig. 4) . Though in case of shoot, a higher increase in protein accumulation was observed in shoot with the increase in ABA, GA3 and salt concentrations, however in ABA, the absorbance ratio of protein was more pronounced at 5µM ABA (Fig. 5) . The data indicated that the protein and carbohydrate synthesis pathway in root is sensitive to ABA, GA3 and salt stress as compared to shoot and uphold a higher ordered form of protein in the shoot at the early seedling stage. Changes in cell wall pectin and lipids:The absorption band around 1743 or 1745 cm -1 represents cell wall pectin (Yang and Yen, 2005; Wei et al., 2009) . The lower peak intensity, demonstrates the decrease of pectin synthesis in root with increasing ABA, GA3 and salt level but this decrease was more at lower concentrations (Fig. 4) . On the other hand, the band intensity was higher in the shoot, indicating an increase in pectin synthesis with ABA, GA3 and salt. In case of ABA, the increase was more at 5µM but in GA3 and salt, the band intensity increased with increasing concentration of GA3 and salt (Fig. 5) . A significant decrease of lipids in root was found with ABA, GA3 and salt; and this decrease was more prominent at 5µM ABA, 100µM GA3 and 100mM salt (Fig. 4) . The absorbance value was higher at lower concentrations of ABA but the value increased with increasing level of GA3 and salt (Fig. 5) . It means that in rice seedling, the synthesis of cell wall and lipids is much more sensitive in root to ABA, GA3 and salt stress as compared to shoot. Expression of different variants of OsBTF3:To observe expression patterns of different variants of OsBTF3 in different tissues (callus, root, stem, leaf, leaf sheath, palea, lemma, stamen and pistil) including root and shoot at seedling stage through semi-quantitative. The results indicated that different variants of OsBTF3 were constitutively expressed in all plant parts (Fig. 6 ), indicating that OsBTF3 is essential for both vegetative growth and development in rice. Early seedling is the most sensitive stage of vegetative growth and reproductive development for any crop. Therefore, to check the regulation of different variants of OsBTF3 in root and shoot at seedling stage under ABA (5 and 10µM), GA3 (100 and 200µM) and (100 and 200mM) salt stress, semi-quantitative PCR analyses were carried out using the OsBTF3-specific primers. The actin mRNA level was used as a control for RT-PCR. The results show that the expression of Osj3g1BTF3 and Osj10gBTF3 was induced by low and high concentrations of ABA in shoot, but samples treated with 5µM ABA had less transcripts compared to controls in root. However, the transcript level of Osj3g2BTF3 did not change in root and shoot after treatment with 5uM ABA but the expression level slightly increased in root and shoot at 10µM ABA (Fig.  7) . and NaCl (C). The detection was done based on three independent samples and actin I was used as internal control.
In Osj3g2BTF3 and Osj10gBTF3, the number of transcripts increased with increasing level of GA3 from 100 to 200µM in the shoot; however, the level appeared to significantly decrease in root at 200 M. In Osj3g2BTF3, the number of transcripts increased with increasing level of GA3 from 100 to 200µM in the shoot; however, the level appeared to significantly decrease in root at 100µM, after which the expression level increased when treat with 200µM (Fig. 7) . In Osj3g2BTF3 and Osj10gBTF3, the samples treated with salt significantly up-regulated the transcript level with increasing NaCl from 50 to 100mM in shoot but the number of transcripts decreased with increasing level of NaCl from 50 to100mM in the root. The transcript level of Osj3g2BTF3 did not change in shoot after treatment with NaCl but the expression level significantly decreased in root with increasing concentration (Fig. 7) . These results show that the down regulation of the BTF3gene in root may reflect the compromised protein translation and importing activity under salt stress. For the hormone treatment, the induction effect showed by ABA and GA3 was much more significant in shoot than the repression effect caused by both in root. There was a difference between the shoot and root, indicating thatBTF3is more sensitive in root under abiotic stress conditions.
DISCUSSION
It has been documented that the germination, seedling growth and other related processes could be affected in seeds that are exposed to different environmental conditions (Gill and Singh, 1985) . Variation in these processes can affect other metabolic activities, mainly the carbohydrate and protein metabolism that plays significant role in germination and seedling growth. In this study, application of NaCl as well as phytohormones (GA3, ABA) did not induce any significant decrease in germination. However, the decrease in germination rate was observed particularly under NaCl and ABA treatment (Fig. 1) . Similarly, ABA and salt significantly reduced root and shoot length while GA3 enhanced shoot length with increasing concentration (Fig. 2,  3 ). This may be an adaptation approach of seeds to avoid embryo germination under different stress conditions, hence ensuring the appropriate organization of the seedlings by an increase in osmoregulatory compatible solutes (Thakur and Sharma, 2005) . The dormancy-inducing hormone ABA, which is also known as the stress hormone, may also be involved in inhibiting the seed germination by reducing the accessibility of energy and metabolites (Garciarrubio et al., 2003) . For a better understanding of the salt and phytohormone effects on cell homeostasis, FT-IR spectroscopy were used to analyze changes in the macromolecular content such as carbohydrate, protein, lipids and cell wall pectin in plant root and shoot at early seeding stage. In this report, changes have been observed in the chemical composition of cells during seedling development in root and shoot under GA3, ABA and salt stress, although every individual peak could not endeavored to a particular secondary structure. In response to GA3, ABA and salt stress, there was a general decrease in the protein and carbohydrate content in root suggested by a decline in the absorption bands intensity particularly in the 1800 to 1000 cm −1 region. In contrast, a significant increase in the protein and carbohydrate content in shoot showed by an increase in the peak of IR spectra in the same region (Fig. 4 and 5 ), as this region is specific for carbohydrate and proteins (Wolkers et al., 2004; Yee et al., 2004) . The results indicated that the carbohydrate and protein synthesis is sensitive to GA3, ABA and NaCl stress in root than shoot at the seedling stage. Similar results were observed previously by using similar FT-IR technique for investigating variations in the chemical composition in higher plants and algae (Dokken et al., 2002; Yang and Yen, 2002) . In Arabidopsis, the IR spectra indicated salinity can inflect the protein structure; however, a part of the leaf protein is sensitive, but not responsive to the increasing concentration of salt stress (Yang and Yen, 2002) . It has been reported that cadmium stress can excite the metabolism of carbohydrate in the apricot and clover leaves (Elloumi et al., 2007; Wei et al., 2009) , suggesting that the carbohydrate synthesis pathway or some carbohydrate may play a vital role in the anti-oxidative stress in shoot at the early seedling stage. The IR spectrum around 1745 cm -1 represents cell wall pectin and band between 3000 and 2800 cm -1 mostly take place from lipids (Wei et al., 2009) . The absorption peak situated in these regions showed the relative declining of cell wall pectin and lipid in root, after GA3, ABA and salt exposure. However, there was an increase in the accumulation of cell wall pectin and lipids in shoot in these regions (Fig. 4 and 5) . These results simplify that cell wall pectin and lipid have accumulated in the shoot tissue but not in root. There were few reports on lipid and cell wall pectin by using FT-IR spectroscopy. Wei et al. (2009) observed a decrease in the band intensity indicating lipids and cell wall pectin synthesis was lowered after 1hr Cd treatment in clover leaves. It has been documented that BTF3 play central role in plant growth and development (Wang et al., 2012) . The seedling stage is one of the most important phases during a plant growth and development (Hanley et al., 2004) . Therefore, in this study, the expression of different variants of BTF3 in root and shoot at the early seedling stage has been investigated. The expression of different variants of OsBTF3is primarily constitutive, being generally modulated by different GA3, ABA and salt stress treatments (Fig. 6, 7) . The expression of Osj3g1BTF3, Osj3g2BTF3 and Osj10gBTF3 was induced by ABA and GA3 in shoot, but was repressed in root (Fig. 7) . The salt concentration up-regulated Osj3g1BTF3 and Osj10gBTF3 expression with increasing NaCl from 50 and 200mM in shoot whereas salt concentrations did not change the transcript level of Osj3g2BTF3 in shoot but the expression level significantly decreased in root with increasing concentration (Fig. 7) . These results demonstrated that the expression level of Osj3g1BTF3 and Osj10gBTF3 are much similar under abiotic stress condition but different from Osj3g2BTF3. It means that Osj10gBTF3 and Osj3g1BTF3 are probably similar but different from Osj3g2BTF3 in biological function as observed by Wang et al. (2012) . In this case, a significant increase was reported in Osj10gBTF3 expression level with ABA and decrease in expression with GA3. Wang et al. (2012) also observed the transcript level of Osj10gBTF3 to be down-regulated under high salt concentration, while up-regulated under low salt concentrations in rice. Previously, it was observed that the expression level of NbBTF3 remains unaffected when treated with 100μM of ABA and GA3 (Yang et al., 2007) . Zhang et al. (2010) demonstrated that ZmBTF3 expression in Zea mays were significantly decreased by using100μM of ABA and 250mM NaCl. Li et al. (2012b) documented that transcript level of OsBTF3 was significantly decreased in rice plants under salt stress and the resistance to salt stress was improved in the seedlings of OsBTF3 transgenic lines.
Conclusion:
This is a first report demonstrating the involvement of different variant of BTF3 in abiotic stress response in root and shoot at seedling stage. Further investigation is required to provide insight into the functions of BTF3 and the connected mechanisms that are responsible for improving abiotic stress tolerance in plants.
